In the years 1967 -7O twelve irrigation experiments of spring wheat were carried out in southern Finland (60 62°N, 22 26°E). Sprinkler irrigation (2 X 30 mm) increased the grain yields on an average by 12404:470 kg/ha (from 2740 to 3980 kg) or 454;17 %. The increases in yield were significant on clay soils (9 trials) and loam (1 trial) but insignificant on finesand (1 trial) and mould (1 trial). Additional nitrogen fertilization (from 76 to 143 kg/ha N) increased the grain yields on an average by 3504; 200 kg/ha or 11 ±6 %. The ripening of wheat was significantly promoted by irrigation in one year but slightly retarded in three years. Nitrogen fertilization slightly retarded ripening every year The falling number of grains tended to be slightly improved by irrigation (from 285 to 321, on an average), but in most trials irrigation and nitrogen fertilization had no significant influence on the falling number.
Many factors affect the baking quality of spring wheat. According to Hlynka (1964) two basic groups of factors are involved: first, the quality factors which exist in the wheat itself and are a result of the genetic components of the variety plus the changes brought about by growing conditions, i.e. fertilization, weather, soil fertility, and second, the quality factors which may change during the process of converting the wheat into flour.
It has been established that the major factor accounting for the variation in loaf volume is the gluten protein content. The relation between loaf volume and protein content is linear but the regression coefficient differs widely with different varieties (Fajersson 1974) . Gluten is formed of two proteins: gliadin and glutenin, of which the gliadin fraction has been shown to control the loaf volume and to vary in accordance with the breadmaking potential of the flour (Hoseney et al. 1969) . The factor responsible for the mixing time and the dough development is the glutenin fraction. Pomeranz (1974) believes that the key to breadmaking strength is to be found in the gliadin fraction and its interaction with other flour components, especially glycolipids. This interaction depends on the composition of the gliadin proteins, which is genetically controlled.
The synthesis of gliadin occurs at a later stage of ripening than that of glutenin (Bilinski and McConnell 1958) . Therefore it may be assumed that cultivation measures that influence the ripening of wheat also affect the quality of the gluten.
It has been established that in Finland, as a consequence of sprinkler irrigation, the protein content of grain decreases while an application of nitrogen fertilizer before irrigation can eliminate this unfavourable effect (Elonen et ai. 1972, Elonen and Kara 1972) . A part of the present results have been treated with a view to the effect of irrigation and nitrogen fertilization on the biological quality of protein (Elonen et ai. 1972 ). It appears that even if the irrigation lowers the protein content of wheat, the amino-acid composition is improved owing to the increased proportion of lysine.
For determining the baking quality of wheat, several physical and chemical methods have been developed. The present paper reports results of the effects of irrigation and nitrogen fertilization on the baking quality characteristics.
Materials and methods
Experimental fields (Table 1 ). In the years 1967 -7O twelve field experiments at seven sites in southern Finland (60 62°N, 22 26°E) were carried out by the Department of Agricultural Chemistry, Helsinki University and the Finnish Research Institute of Agricultural Engineering. The soil was clay soil in nine trials, in the other fields the soil was loam, finesand and mould. The experimental crops consisted of three different spring wheat varieties: Svenno, Ruso and Norröna.
Fertilization (Table 1) . A basal dressing, either a compound fertilizer (Trials I-2, 4-9 and 11 l2), ammoniated PK-fertilizer (Trial 3) or ammoniated PK + ammonium nitrate limestone (Trial 10), was placed in rows at a depth of 8 cm. It contained, on an average over four years, 76 kg N, 50 kg P and 73 kg K per hectare. Additional nitrogen on the N 2 -plots, an average of Farms: 1 = Pakankylä, 2 = Lampola, 3 = Uoti, 4 = Kara, 5 = Iso-Hiisi, 6 = Ojala. 7 = Tiuttu 67 kg/ha, was applied either as surface dressing for the shoots as calcium nitrate (Trials I-2) or as ammonium nitrate limestone (Trials 4 -9), or the additional nitrogen was placed in connection with sowing as ammonium nitrate limestone (Trials 3 and 10).
Irrigation (Table 1 ). The irrigation was performed by a slow rotary sprinkler twice in June in between sprouting and ear emergence, at both times with 30 mm of water. All treatments were in four replicates except those of Trials 2,6, 7, 11 and 12 which had three replicates. Weather ( Table 2 ). The growing seasons were abnormally dry except the month of August in the years 1967 -6B and July in 1970. The mean temperatures did not markedly differ from those of normal seasons.
Ripening and harvesting (Table 3 ). The harvest of the experimental plots was carried out with a combine-harvester as soon as the wheat had reached a stage of yellow ripeness. Consequently the moisture degree of the grains can be considered as a measure of the ripening. In 1967 In , 1969 the irrigated wheat ripened later than the non-irrigated one. On the other hand, in 1968 irrigation greatly promoted the ripening. In that year the shooting of the wheat was poor and rains in July caused detrimental late tillering and uneven ripening. In the irrigated wheat stand, which was more vigorous and dense than the non-irrigated stand, there was no late tillering. Additional nitrogen caused almost without exception a slight retardation in ripening. Analyses of grain and flour. Analyses of baking quality characteristics were conducted in the Laboratory of the Grain Research Committee. For a determination of the crude protein content in the grain, the total nitrogen was analysed according to the Kjeldahl procedure and multiplied by 5.7. Cold viscosity was analysed with a method proposed by Suomela (1969 Suomela ( , 1970 . All other analyses were dope according to the Standard Methoden (1971) . For analyses of the valorimeter value and the water absorption of flour, the grains were ground in a Quatromat Junior mill to give flour of 60 per cent extraction. Statistical significance. The significance of the experimental results, according to the t-test, has been reported at three confidence levels;
at 95 % (*), 99 % (**) and 99.9 % (***) levels.
Results
Grain yield (Table 4) Irrigation increased the grain yields significantly every year. An average increase in the whole 4-year material was kg per hectare (from 2740 to 3980 kg) or %. The increase was significant on ten sites where the soil was clay or loam, while on two sites, where the soil was finesand or mould, the effect of irrigation was negligible.
Additional nitrogen fertilization increased the grain yields on an average by 350i200 kg/ha or 11 ±6%. The increases were significant in only five trials. Nitrogen was more effective on irrigated plots (+ 540*** kg/ha) than without irrigation (+ 160* kg/ha). (Table 5) The protein content of wheat was in most trials fairly high. This was probably due to the relatively abundant nitrogen fertilization and favourable weather conditions. Irrigation decreased the crude protein content of the grains in all trials, on an average by 2.2±0.7 %-units (from 16.3 to 14.1 %). This decrease was significant in all trials except in 1970 on Farm No. 2, where the soil was mould and the effect of irrigation on the yield was likewise insignificant (Tables 1 and  4 ).
This unfavourable decrease in the protein content of grains, caused by irrigation, could be almost fully compensated by additional fertilizer nitrogen, at 67 kg per hectare, on an average (Table 1) . This amount of nitrogen increased the protein content of the grains on an average by 1.9±0.4 %-units (from 14.3 to 16.2 %). The increase in the protein content was significant in all but two trials.
Falling number (Table 6) The falling number, which correlates with the alpha-amylase activity, is a measure of the starch quality and the resistance to sprouting damage, which play an important role in the baking quality (Fajersson 1974) .
In the experimental years the harvest was generally favoured by good weather conditions which resulted in high falling numbers in every trial. Irrigation tended slightly to improve the falling number (from 285 to 321, on an average), but in most trials irrigation had no significant influence. It is difficult to find any interaction between the effects of irrigation on ripening and on the falling number (Tables 3 and 6 ). Like irrigation, nitrogen fertilization had no clear effect on the falling numbers in spite of the fact that it slightly retarded ripening in every trial.
Zeleny value (Table 7) The zeleny test shows imbibitional properties to evaluate the breadmaking properties of flour. Because the Zeleny value is strongly influenced by the protein content, it was affected by irrigation and nitrogen fertilization in the same way as was the protein content: Irrigation reduced the Zeleny value significantly in every trial. The average reduction was ml (from 64 to 53). Additional nitrogen increased the Zeleny value on an average by ml (from 53 to 63). The increases were significant in other trials except the two where the effect of nitrogen on the protein content was also insignificant (Table 5 ).
Cold viscosity (Table 8) The cold viscosity of a coarse ground grain-water suspension is a measure of the quantity and quality of the protein (Suomela 1969 (Suomela , 1970 . Variation in the cold viscosity between different years and farms was particularly pronounced.
The differences between the experiments were partly due to the different varieties the cold viscosity of the Norröna being the poorest (Farms 2 and 5 in 1969) .
Irrigation decreased the cold viscosity in every trial, significantly in seven out of twelve cases. On the other hand, the effect of additional nitrogen on the cold viscosity was in most trials positive and significant in four experiments. In 1970 only Farm 1 included Water absorption (Table 9) The water absorption represents the amount of water needed for an optimum consistency of 500 Brabender units (BU). It is reported in percentages of flour weight. Absorption increases as the protein increases and the gluten quality improves.
Irrigation decreased the water absorption on an .average by 1.7±0.9 %units (from 66.5 to 64.9 %). The negative effect was significant in five trials.
Nitrogen fertilization had a reversed effect: it improved the water absorption of flour on an average by 0.8d;0.4 %-units. The effect was similar in all trials but significantly positive in only three cases.
Valorimeter value (Table 10) Farinograms provide information on optimum mixing time and dough stability. The valorimeter value expresses various characteristics of a farinogram as a single score. Developing time and stability of dough depend on the quantity as well as the quality of the protein.
Irrigation significantly decreased the valorimeter value in six trials, and in the other trials the effect was in the same direction. On an average the re- (Table II) The Pelshenke value is regarded as a rough measure of the strength of wheat. It shows the length of time elapsing before a dough ball disintegrates after it has been placed in water. The Pelshenke value depends, in addition to the protein content, particularly on the quality of the protein.
Irrigation despite decreasing the protein content, did not decrease the Pelshenke value. The effect was positive in two trials, negative in two other trials and insignificant in eight trials. This may be a proof of improvement in the protein quality caused by irrigation. The influence of nitrogen fertilization on the Pelshenke value was in most trials also insignificant. In one trial the effect was positive, and negative in another trial. Because nitrogen fertilization improved the protein content but did not improve the Pelshenke value, this may indicate an impairment in the quality of the protein.
Discussion
When interpreting the results of this study, it should be borne in mind, that in regard to the soil, wheat variety and fertilization there were certain differences between the trials. In spite of the large variation caused by these factors and by the differing weather conditions in the experimental years and sites, many clear results were obtained.
The effect of irrigation on the grain yield was the best on clay soils which accords well with previous results (Elonen et ai. 1967) . Compared to clay, soil moisture conditions in finesand and mould are markedly better, and therefore the need for irrigation is smaller.
The wheat harvest was carried out at a relatively early stage of ripening and under fairly good weather conditions every year. Consequently the falling numbers were high in every trial. According to Olered (1967) , the variation in the falling number between 350 and 250 or perhaps even 200 may reflect a normal ripening phenomenon and is no proof that sprouting has started.
It can be assumed that irrigation has affected the falling number in two opposite ways: 1. It decreased the falling number in the trials where it retarded ripening and where the moisture of grains at the harvest was still high (Farms No. 2,5, 6 in 1969) . The ripening, characterized by an increased condensation of starch and inactivation of a-amylase, had not yet advanced far enough in the irrigated wheat but the primary a-amylase activity was still high. 2. On the other hand, the irrigated wheat stand was denser and it ripened more evenly than the unirrigated one, which had a positive effect on the falling number. This effect was clearest in 1968 when the unirrigated crops included green shoots and the detrimental late tillering could be prevented by irrigation. In most trials the positive and negative effects of irrigation on the falling number were, however, slight or they compensated each other. Irrigation decreased the protein content of wheat very distinctly in every trial. This unfavourable reduction may be partly caused by losses of soil and fertilizer nitrogen (Kaila and Elonen 1971) . The main reason is, however, the increase in yield and its increased demand for nitrogen (Elonen et ai. Kaila and Elonen 1970, Elonen and Kara 1972) . This demand can be satisfied by additional nitrogen fertilization. In the present material the demand for additional nitrogen, caused by two irrigations in June, could be almost fully satisfied by the quantity of 67 kg nitrogen per hectare.
Selostus
Sadetuksen ja typpilannoituksen vaikutus kevätvehnän satoon ja eräisiin leivontaominaisuuksiin Aikaisempi toimipaikka: Yliopiston maanviljelyskemian laitos, Viikki 2 ) Aikaisempi toimipaikka: Viljantutkimustoimikunnan ja Valtion viljavaraston tu tki muslaboratorio.
